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Expeted ALICE performane on open heavy�avour and quarkonia
Rahid Guernane∗ for the ALICE CollaborationLaboratoire de Physique Corpusulaire de Clermont-Ferrand, CNRS-IN2P324, Avenue des Landais, 63177 AUBIÈRE CEDEX FRANCEE-mail: guernane�lermont.in2p3.frHeavy �avours promise to be valuable probes to eluidate the nature of the hot and densematter formed in heavy ion ollisions. Heavy quarks, produed in initial hard satteringproesses, are expeted to su�er in-medium energy loss. As for heavy quarkonium states,regeneration proesses might ounterbalane olour-sreening e�ets. ALICE througha omprehensive heavy �avour program, will address these open questions bene�tingfrom unique LHC onditions: unpreedented large prodution ross setions and initialtemperatures expeted to be high enough to dissolve bottomonia. In this talk, we reviewa seletion of signi�ant heavy �avour measurements planned to be performed by ALICE.
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Heavy �avour and quarkonia at ALICE Rahid Guernane1. INTRODUCTIONHeavy �avour prodution at hadron olliders is, for many years now, a very ative�eld of researh providing valuable insights into Quantum ChromoDynamis (QCD) phe-nomenology [1, 2℄. In nuleon-nuleon (NN) ollisions, heavy quark-antiquark pair pro-dution should be well desribed with the parton-model approah sine the heavy quarkmass an be onsidered su�iently large with respet to the fundamental QCD sale [3℄.Perturbative QCD ross-setions for heavy �avour prodution have been omputed up toNext-to-Leading-Order (NLO) auray [4℄, even if quantitatively large unertainties re-main, typially a fator 2 ÷ 3 at LHC energies [2℄. ALICE benhmark ross-setions forheavy �avour prodution at the LHC omputed using a Fixed-Order NLO massive alu-lation from Mangano et al. [4℄ are presented in Tab. 1 [2, 5, 6℄.Table 1: ALICE benhmark total ross-setions for heavy quark (σQQ̄) and quarkonium inlusivelepton pair (σµ+µ−) prodution in Pb-Pb and p-p ollisions. σµ+µ− are predited from the ColourEvaporation Model [6, 8℄. For Pb-Pb, parton distribution nulear modi�ation from the EKS98parametrisation [7℄ is inluded and binary saling from nuleon-nuleon ross-setions is assumed.Colliding system Pb-Pb p-p
√
sNN (TeV) 5.5 14Flavour cc̄ bb̄ cc̄ bb̄Centrality entr. (5%) min.-bias

σQQ̄ (b) 45.0 1.79 0.0112 5.1 × 10−4

NQQ̄ per ollision 115 4.56 0.16 0.0072State J/ψ ψ′ Υ Υ′ Υ′′ J/ψ ψ′ Υ Υ′ Υ′′Centrality min.-bias min.-bias
σµ+µ− (µb) 48930 879 420 109 61 3.18 0.0057 0.028 0.0069 0.0041In heavy-ion ollisions, open heavy �avour prodution is onsidered to be an interestingprobe for studying properties of the dense QCD medium [9, 10℄. Heavy quarks, oneprodued at the initial stage of the reation in hard parton interations, are expeted toresatter and lose energy traversing the surrounding matter, testing this way the expetedmass dependene of parton energy loss [11℄. In partiular, it will be important in ALICE tomeasure heavy �avoured partile transverse momentum distributions whih are expeted tobe remarkably sensitive to di�erent e�ets [12℄. The low-pt (< 6GeV/c at the LHC) regionis expeted to be sensitive to various non-perturbative e�ets (suh as gluon shadowing,Colour-Glass-Condensate state [14℄, �ow, quark oalesene [13℄); while the high-pt region isexpeted to be essentially sensitive to jet quenhing [15℄, namely an attenuation (or slowingdown) of heavy quark jets after propagation through the dense medium.In a deon�ned medium, quarkonium dissoiation due to olour sreening has beenpredited [16℄ with dissoiation temperatures expeted to be ordered aording to the hi-erarhy of quarkonium sizes. Consequently, less tightly bound exited states are preditedto dissolve at lower temperature than their orresponding smaller ground states, leadingto a sequential suppression pattern in J/ψ and Υ yields in nuleus-nuleus ollisions as afuntion of energy density [17℄. Reent lattie QCD alulations indiate that hadroni2
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Heavy �avour and quarkonia at ALICE Rahid Guernaneresonanes ould survive even in the deon�ned Quark-Gluon Plasma (QGP): J/ψ and ηcould survive up to temperatures T ≃ 1.6Tc and melt somewhere between 1.6Tc and 1.9Tc[18℄ while ηb state ould survive up to T = 2.3Tc [19℄. At the LHC, with the inreasein available entre-of-mass energy, suitable onditions will be provided for detailed studiesto be performed espeially in the bottomonium setor: prodution ross-setions are large(see Tab. 1) both for p-p and Pb-Pb ollisions and initial temperatures are expeted tobe high enough (T0 ≃ 1GeV for a gluon-dominated plasma formation expeted for entralPb-Pb at the LHC [21, 22℄) to melt bottomonium states. However, given the large num-ber of unorrelated QQ̄ pairs initially produed at LHC energies (f. Tab. 1), this simplestep-like suppression pattern ould be ounterbalaned by the outbreak of oalesene (e.g.reombination mehanisms in statistial [20℄ and kineti models [23℄) regenerating �nal-state quarkonium yields, partiularly for harmonium (marginal for bottomonium). Somepreditions for the LHC even foresee a quarkonium enhanement instead of a suppression[24℄.In what follows, we shall disuss some spei� examples of the ALICE potential for the�rst measurements of open and hidden heavy �avour prodution at the LHC [6℄.2. ALICE SUBSYSTEMS FOR HEAVY FLAVOUR MEASUREMENTSALICE is a general-purpose experiment equipped with detetors apable of measuringand identifying hadrons, leptons, and photons aross a large range of transverse momentumfrom around 100MeV/c to about 100GeV/c [25℄. The ALICE design has been optimisedto ope with the very demanding environment of high-multipliity entral Pb-Pb ollisionsat LHC energies, where up to 8000 harged partiles per rapidity unit at mid-rapidityhave been predited. The studies presented hereafter have been arried out assuming aonservative harged partile rapidity density of dNch/dy = 6000 (note that RHIC resultstend to favour multipliity values still lower by about a fator 2.5 [26℄). The ALICE detetor,presented in Fig. 1, has good aeptane for heavy �avour detetion. Heavy �avour deayproduts are reonstruted in the entral barrel (|η| < 0.9) omplemented by the forwardmuon spetrometer (−4 < η < −2.5). The ALICE entral detetors are embedded in alarge magnet (L3) providing a weak solenoidal �eld (< 0.5T).In the ALICE entral barrel, harm and beauty partiles are seleted out of the largebakground, taking advantage of their long lifetime1. Consequently, the ALICE detetionstrategy relies on resolving seondary detahed verties onsisting of identi�ed traks withlarge impat parameters (d0), the impat parameter being the distane of losest approahof a partile trajetory to the primary vertex. Preision on seondary vertex determinationis provided by the two innermost layers of the inner traking system (ITS) made of silionpixel detetors (SPD). A resolution σd0
(rϕ) < 60µm is ahieved for pt & 1GeV/c. Partiletraking relies on the six onentri layers of high-resolution silion detetors of the ITS: thetwo SPD layers quoted above, plus two layers of silion drift detetor (SDD), and two layersof silion strip detetor (SSD), a large volume (∼ 95m3) time-projetion hamber (TPC),1D0 mesons have proper deay length cτ = (123.0 ± 0.4) µm, D± mesons have cτ = 315 µm, and Bmesons of about 500 µm [27℄. 3
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Heavy �avour and quarkonia at ALICE Rahid Guernane

Figure 1: Layout of the ALICE detetor.and a high-granularity transition-radiation detetor (TRD)2. Partile identi�ation in theentral region is performed over the full azimuth by a dE/dx measurement in the trakingdetetors, a large area high-resolution array of TOF ounters, and transition radiation inthe TRD. A spetrometer dediated to muon detetion and identi�ation omplete theALICE set-up. The ALICE muon spetrometer onsists of a passive front absorber of totalthikness orresponding to ten interation lengths to absorb hadrons and photons fromthe interation vertex, a high-granularity traking system of ten planes of athode padhambers, a large dipole magnet reating a �eld of 0.7T (�eld integral of 3T · m), and atrigger system made of four planes of resistive plate hambers performing the seletion ofhigh transverse momentum muons. Muons penetrating the whole spetrometer length aremeasured with a momentum resolution of about 1 ÷ 2% [28℄.3. CHARM PRODUCTION MEASUREMENT VIA HADRONICDECAYSALICE apability for measuring diret harm prodution through the reonstrutionof the exlusive hadroni deays have been evaluated using the benhmark D0 → K+π−(and harge onjugate) two-body deay mode of branhing ratio (3.83± 0.09)% [6, 29, 30℄.Suh a measurement opens the possibility of separating harm from beauty and provides adiret way to aess harm transverse momentum spetrum whih is of ruial interest whentrying to assess the e�ets indued by the nulear medium in p-Pb and Pb-Pb ollisions. A
D0 andidate onsists of a pair of oppositely harged traks originating from a seondary2TRD is not used as a traking devie in the analysis presented hereafter.4
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Figure 2: Sketh of the D0 → K+π− deay (left hand panel). K+π− invariant-mass distributionorresponding to 107 entral Pb-Pb events (right hand panel) after seletion uts applied; thebakground-subtrated distribution is shown in the insert.vertex (f. Fig. 2 left hand panel) whih has a K+π− mass in the range MD0 ± 3σ i.e.
|∆M | < 12MeV/c2 in the present study (f. Fig. 2 right hand panel).Extrating a D0 signal with a good signi�ane in entral Pb-Pb ollisions requires adrasti seletion proedure to redue the huge ombinatorial bakground by at least 6 ÷ 7orders of magnitude (S/B ∼ 10−6 in the mass range MD0 ± 3σ before any geometrial orkinematial seletion). A dediated set of uts (distane of losest approah between thetraks, K and π minimum transverse momentum, and deay angle) detailed in Ref. [29, 30℄,improves the S/B by about two orders of magnitude. The S/B ratio is then inreased bythree additional orders of magnitude imposing a ombined ut on the values of dK

0 ×dπ
0 and

cos θpointing
3 (dK

0 ×dπ
0 < −40, 000µm2 and cos θpointing > 0.98 in this simulation study). Cuttuning has been performed in the present study for eah separate D0 transverse momentumbin. With 107 Pb-Pb events, we expet a pt-integrated signi�ane of 37 and larger than 10up to pt ∼ 10GeV/c. The lower pt limit is expeted to be about 1GeV/c and even lowerin p-p ollisions (f. Fig. 3).4. BEAUTY MEASUREMENTS FROM SEMILEPTONIC DECAYS4.1 Single inlusive prodution ross-setion measurement using muonsBeauty prodution in Pb-Pb ollisions will be measured in ALICE via semi-muoniand semi-eletroni deays in the pseudo-rapidity regions −4 < η < −2.5 and |η| < 0.9respetively [28℄. In the semi-muoni deay hannel, both inlusive muons (f. Fig. 4()) andopposite-sign dimuons are onsidered. The dimuon sample is divided into two topologiallydistint ontributions: b-hain deays (named BDsame in Fig. 4(d)) of low mass Mµ+µ− <

5GeV/c2 and high transverse momentum (f. Fig. 4(a)) and muon pairs where the twomuons originate from di�erent quarks (BBdiff) emitted at large angles resulting in large3θpointing is de�ned as the angle between the D0 andidate momentum and the line joining the primarywith the seondary vertex as skethed in Fig. 2 on the left hand panel.5



P
o
S
(
L
H
C
0
7
)
0
2
0

Heavy �avour and quarkonia at ALICE Rahid Guernane

 [GeV/c]tp
0 2 4 6 8 10 12 14 16 18 20

d
y 

[m
b

/(
G

eV
/c

)]
t

/d
p

N
N0

D σ2
d

-510

-410

-310

-210

-110

1

10

 50)× = 14 TeV (spp, 

 5)× = 8.8 TeV (NNsp-Pb m.b., 

 = 5.5 TeVNNsPb-Pb 5%, 

+π- K→ 0D

Figure 3: pt-di�erential ross-setion per nuleon-nuleon ollision for D0 prodution as ex-peted to be measured with 107 entral Pb-Pb events, 108 minimum-bias p-Pb events, and 109 p-pminimum-bias events. Statistial (inner bars) and quadrati sum of statistial and pt-dependentsystemati errors (outer bars) are shown. An overall normalisation error of 9% for Pb-Pb, 9% forp-Pb and 5% for p-p is not shown.invariant masses Mµ+µ− > 5GeV/c2 (f. Fig. 4(b)). The beauty signal is enhaned withrespet to other soures (harm and π/K deay-in-�ight) applying a low pt ut-o� set to
1.5GeV/c in this study. Using Monte Carlo predited line shapes for cc̄, bb̄, and deaybakground, �ts are arried out to �nd the bb̄ fration in the three di�erent data sets aspresented in Fig. 4(a), (b), and (). Raw muon yields are then onverted into inlusive b-hadron ross-setion following the method initially developed for the UA1 experiment [30℄.The expeted performane for the measurement of b-hadron ross-setion for 107 entralPb-Pb ollisions is plotted in Fig. 4(d). b-deay muon statistis is large over the whole ptrange allowing a tight mapping of the prodution ross-setion up to pt ∼ 20GeV/c.4.2 Single inlusive prodution ross-setion measurement using eletronsEletrons from semileptoni deay of b quarks are haraterised by a hard transversemomentum spetrum and a large average impat parameter (typially of a few hundred ofmirons) with respet to other eletron soures: pions misidenti�ed as eletrons, deays ofprimary prompt harmed hadrons, deays of light mesons (e.g. π0, Dalitz, ρ, ω, K), andphoton onversions in the beam pipe or in the ITS inner layers (f Fig. 5). The ALICEdetetion strategy will then rely on the seletion of displaed traks identi�ed as eletrons.Eletron identi�ation is performed ombining information from TRD and TPC. For aTRD eletron identi�ation e�ieny of ≃ 90%, a 1% pion ontamination is expeted. Thise�ieny is expeted to be roughly onstant in the momentum range ontaining the largestbeauty fration (1 ÷ 6GeV/c). Eletrons rossing the TPC are separated from heavierpartiles by their spei� energy loss dE/dx. Considering only traks tagged as eletrons inthe TRD, the ontamination from harged kaons and protons is expeted to be negligible,6
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Figure 4: Bakground subtrated invariant mass distributions of µ+µ− pairs produed in 107entral Pb-Pb ollisions in the low (a) and high mass regions (b). A pt > 1.5 GeV/c ut-o� hasbeen applied to muon traks. Charm and beauty signals are plotted in dashed and dotted linerespetively. () Single muon transverse momentum distribution. (d) Expeted performane forthe measurement of the inlusive b-hadron ross-setion in −4 < yB < −2.5 as a funtion of pmin
t .PYTHIA preditions (solid line) used to produe the signal are also shown.
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t ) is inferred �à la� UA1 just like for the muon hannel as desribed in the previoussetion and the expeted performane shown in Fig. 7 (right hand panel). b-quark quenh-ing e�ets on the b-hadron ross-setion are also represented in Fig. 7 (right hand panel)but only with a view of illustration sine any suppression pattern will be assessed from aomparison with the referene ross-setion provided by p-p data. Good performane forsemi-eletroni beauty detetion are also expeted in p-p ollisions but not overed in theseproeedings. For details on p-p studies see Ref. [33℄.5. QUARKONIUM PRODUCTION MEASUREMENTSQuarkonia will be deteted in ALICE by their deays into both dieletrons and dimuons,8
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25 ÷ 100 GeV2/c.in the entral barrel and forward muon spetrometer respetively. Desription of key de-tetors involved in quarkonium detetion and their expeted performane are summarisedin Tab. 2. Combined measurements at entral and forward rapidities will allow to probe aontinuous range of Bjorken-x with values as low as 10−5, shedding more light on the saledependene of parton densities in the �small�-x regime.Expeted invariant mass resolution (quoted in Tab. 2) allow to resolve the ompletequarkonium spetrum (J/ψ, ψ′, Υ, Υ′, Υ′′). Resonane signals are extrated integratinginvariant mass spetra around the resonane mass, mass windows are �xed to ±2σ and
±1.5σ for dimuon and dieletron deay hannels respetively in these simulation studies(f. Fig 8 and Fig 9).Expeted quarkonium signal, bakground, signal-to-bakground, and signal signi�anewith 500µb−1 of integrated luminosity (one year data taking) and for entral ollisionsare presented in Tab. 3 and Tab. 4 in dimuon and dieletron4 hannels respetively. Forharmonium states, despite large expeted signal samples (∼ 130, 000 J/ψ → µ+µ− and
∼ 120, 000 J/ψ → e+e−), expeted S/B ratios are relatively small but the expeted signalsigni�ane is high thanks to the large statistis available. For the Υ, the expeted signalis roughly two order of magnitude lower than the J/ψ. At the same time, in this high-massregion, the bakground is lower by around three orders of magnitude, resulting in a signalsigni�ane of ∼ 30 for a one year data taking period. For exited Υ, Υ(2S, 3S), evenif signal statistis are tight, good performane is still expeted. The expeted available4A 200Hz entral barrel readout rate is assumed, imposed by the TPC rate apability.9
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Table 2: Synopsis of quarkonium detetion in ALICE. Aeptane overage: rapidity (y) range and integrated absolute (normalised to the fullphase spae) value (A ), Bjorken-x reah, expeted global e�ienies (ε), and dilepton invariant mass resolution (σM
ℓ+ℓ−

) are quoted for p-p andPb-Pb ollisions. State y range x range A
ε σM

ℓ+ℓ−

(MeV/c2)p-p Centr. Pb-Pb p-p Centr. Pb-PbMuon spetrometer

⊲ deay hannel µ+µ−

⊲ B = 0.7T

⊲ pµ > 4GeV/c

J/ψ
−4 < y < −2.5

2.7 × 10−3 < xp-p1 < 1.2 × 10−2

0.0446 0.67 0.70 72 70
4.1 × 10−6 < xp-p2 < 1.8 × 10−5

7.0 × 10−3 < xPb-Pb1 < 3.1 × 10−2

1.0 × 10−5 < xPb-Pb2 < 4.6 × 10−5

Υ

8.2 × 10−3 < xp-p1 < 3.7 × 10−2

0.0441 0.89 0.83 99 115
1.2 × 10−5 < xp-p2 < 5.5 × 10−5

2.1 × 10−2 < xPb-Pb1 < 9.3 × 10−2

3.1 × 10−5 < xPb-Pb2 < 1.4 × 10−4Central barrel

⊲ deay hannel e+e−
⊲ B = 0.5T

⊲ e identi�ation withTRD (p > 1GeV/c)

⊲ p measurement with

ITS + TPC + TRD

J/ψ
|y| < 0.9

2.3 × 10−4 < xPb-Pb1,2 < 1.4 × 10−3 0.295 90

Υ 7.0 × 10−4 < xPb-Pb1,2 < 4.2 × 10−3 0.266 33

10
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Figure 8: Fits of the opposite-sign dimuon mass yields both in the J/ψ (left panel) and Υ massregions orresponding to an integrated Pb-Pb luminosity of 500µb−1 and for the 4.4% most entralollisions. Quarkonium signal is �tted with Landau onvoluted Gaussian funtions (solid lines). Nosuppression or enhanement has been assumed.
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Heavy �avour and quarkonia at ALICE Rahid GuernaneTable 3: Charmonium and bottomonium states expeted signal (S), bakground (B), signal-to-bakground (S/B), and signal signi�ane (S/√S +B) in the dimuon invariant mass range ±2 σaround the resonane peak for the 4.4% most entral Pb-Pb ollision and an integrated luminosityof 500µb−1 [6℄. Charged partile rapidity density is dNch/dy = 6000 at mid-rapidity.State S (×103) B (×103) S/B S/
√
S +BJ/ψ 130 680 0.20 150

ψ′ 3.7 300 0.01 6.7
Υ 1.3 0.8 1.7 29
Υ′ 0.35 0.54 0.65 12
Υ′′ 0.20 0.42 0.48 8.1Table 4: Charmonium and bottomonium states expeted signal (S), bakground (B), signal-to-bakground (S/B), and signal signi�ane (S/√S +B) in the dieletron invariant mass range±1.5 σaround the resonane peak for the 10% most entral Pb-Pb ollision and an integrated luminosityof 500µb−1 [6℄. Charged partile rapidity density is dNch/dy = 3000 at mid-rapidity.State S (×103) B (×103) S/B S/

√
S +BJ/ψ 121.1 88.2 1.4 265

Υ 1.3 0.8 1.6 28
Υ′ 0.46 0.8 0.6 13these proeedings will be supplemented by measuring other observables suh dilepton or-relations, seondary J/ψ from b deay, J/ψ polarisation, and b-tagged jets. The assessmentof the performane of these additional physis hannels is urrently underway.AknowledgmentsPart of this work was supported by the EU Integrated Infrastruture Initiative Hadron-Physis Projet under ontrat RII3-CT-2004-506078.Referenes[1℄ S. Alekhin et al., [arXiv:hep-ph/0601012℄, [arXiv:hep-ph/0601013℄.[2℄ M. Bedjidian et al., CERN Yellow Report CERN-2004-009, [arXiv:hep-ph/0311048℄.[3℄ P. Nason, S. Dawson, and R.K. Ellis, Nul. Phys. B 303 (1988) 607.[4℄ M.L. Mangano, P. Nason, and G. Ridol�, Nul. Phys. B 373 (1992) 295.[5℄ N. Carrer and A. Dainese, [arXiv:hep-ph/0311225℄.[6℄ ALICE: Physis Performane Report, Volume II, ALICE Collaboration: F Carminati et al.2006 J. Phys. G: Nul. Part. Phys. 32 1295-2040.[7℄ K.J. Eskola, V.J. Kolhinen and C.A. Salgado, Eur. Phys. J. C. 9 (1999) 61.[8℄ V.D. Barger, W.Y. Keung, and R.J.N. Phillips, Phys. Lett. B 91 (1980) 253.12
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